Butadiene is im portant as the simplest example of resonance between two conjugated double bonds. The comparison of its ultra-violet absorption spectrum with th a t of ethylene might be expected to give some indication of the way the n electrons of the molecule are affected by the resonance. The electronic structures of a number of molecules for which resonance is im portant have been worked out theoretically by Hiickel (1935) , Lennard-Jones (1937) , Sklar (1937) and Mulliken (1939a and 6) . The purpose of the present work is to obtain spectroscopic data with which the theoretical expectations can be compared. As most of the strong absorption bands of these molecules occur a t wave-lengths less than 2000 A, the investigation falls naturally into the region of vacuum spectroscopy.
The first strong absorption of 1, 3 butadiene (presumably trans) occurs in the neighbourhood of 2170 A (see figure 1, plate 10) where there begins a wellmarked progression of four diffuse bands having an average frequency separa tion of 1440 cm.-1 (table 5) . This vibration is doubtless the symmetrical C-C valence vibration somewhat reduced by the excitation from its value of about 1634 cm.-1 in the ground state (Dadieu and Kohlrausch 1930) . I t is to be compared with the analogous separation of 1370 cm.-1 appearing in the first Rydberg band in ethylene where the assignment to the C = C valence vibration (1623 cm.-1 in the ground state) can be made with certainty. I t will be convenient to call the above transition the N -> transition. The explanation of this notation will be given in the discussion. Towards shorter wave-lengths some fairly strong individual bands appear which because of their isolation must be regarded as different electronic states. There are also a number of pairs of bands with separations of about 350 cm.-1 between each component. These, by analogy with the spectrum of ethylene, probably represent a twisting vibration about the C-C bond. At 1760 A a diffuse set of bands appears which spreads a t high pressures both to long and to short wave-lengths. A separation of about 1500 cm.-1 is evident, but the diffuseness of the bands and a background of continuous absorption prevents any very accurate measurements being obtained. This system is thought by Mulliken (19396) to be A -> V2> 3 in type. (In order th at the variation in absorption may be more easily observed a line has been drawn along the base of the second exposure. I t can be seen th a t above it an absorption curve is drawn with respect to this base line. The explanation of this effect is th a t the intensity of the continuum varies across its width, being a maximum a t the centre as a result of certain peculiarities of the experimental set-up.)
Below 1520 A the bands are somewhat different in character. Although they are sufficiently close together so th at at first glance it might be expected th a t a t least some of them would fit into a vibrational pattern, none were found to do so. Thus they all appear to be different vibrationless electronic transitions. The absence of any pronounced shading either to short or to long wave-lengths supports this to some extent, since it is necessary th at changes in the moments of inertia should be small if no vibrations are to appear. An inspection shows th at they exhibit the general characteristics of bands approaching an ionization potential, i.e. they get weaker and crowd closer together towards shorter wave-lengths eventually fusing into a photoionization continuum. I t was found th at most of the strong bands fitted into the following Rydberg series:
The series are marked in the photograph. The order of the agreement between the observed and calculated frequencies is shown in table 1. I t is very good, especially for the higher members which show up with fine-like sharpness on the plate.
The first member of each series appears as a multiplet. The multiplet separations, however, quickly diminish to zero in going to higher members. (la )
W. C. Price and A. Walsh
This multiplicity is rather similar to th a t observed in the analogous bands of benzene (Price and Wood 1935) , where it was shown to be electronic (not vibrational) in origin. The mean limit of series (la ) and (16) corresponds to an ionization potential of 9-022 V, the probable error being about 0-01 V. Though there is no electron impact value for the ionization potential of butadiene a t present available with which to compare it, the above value can be accepted with considerable confidence as there are theoretical reasons which will be explained later for expecting the ionization potential of butadiene to be slightly less than th a t of benzene (9-19 V, Price and Wood 1935) . Certain other bands were observed below 1370 A. As this corresponds to an energy greater than the first ionization potential, these bands must be due to the excitation of an electron from a more strongly bound molecular orbital. They are the only bands which can reasonably correspond to Mulliken's N -> Vx transition and show a maximum about 1280 A. The nature of the electron removed a t the first ionization potential of 9-02 V will be discussed in a later paragraph. The spectrum of isoprene. The absorption of isoprene (figure 1, parallels in almost every feature th a t of butadiene except th a t the analogous bands of isoprene are shifted by between 1300 and 1800 cm.-1 towards long wave-lengths relative to those of butadiene. Starting at 2210 A a progression of three diffuse bands with a separation of about 1450 cm.-1 appear. These bands though somewhat more diffuse are very similar to the first (iV->J^) set of bands in butadiene and they also appear a t very nearly the same pressures. I t is probable th a t as before the valence frequency of the 0 -0 bond is being excited. The next absorption bands following this system are a pair of bands a t 1909 and 1892 A which clearly belong to a different elec tronic transition and as far as can be ascertained are unaccompanied by vibrational structure. In this respect they resemble the band in butadiene a t 1863 A. To shorter wave-lengths a t 1800 A a second diffuse progression appears. This is somewhat similar to the first (2200 A) progression, only it is considerably weaker. I t resembles the second diffuse region occurring around 1750 A in butadiene. The first member of the progression is by far the strongest. The frequency separation between the members is ~ 1640 cm.-1. At shorter wave-lengths particularly below 1600 A the bands are weaker and get close together, suggesting th a t as in butadiene they are approaching the ionization limit. This indeed was found to be the case and several Rydberg series converging to a limit of ~ 71,350 cm.-1 or 8*805 V were established among the bands 4,5, etc. (2a) 71,321 -R/(n + 0'5Q)* w = 2,3,4, etc.
T a b l e 1. T a b l e sh o w in g t h e o b s e r v e d a n d c a l c u l a t e d FREQUENCIES OF THE BUTADIENE BANDS OF SERIES ( l a ) AND (16)

Series (la ) Series (16) * -------------*---
As can be seen from table 2 very many members were obtained for the strongest series and the agreement of the higher members with the formula is particularly good. The error in extrapolating to the limit is probably not more than 100 cm.-1 or 0*01 V. No vibrational structure was found to accompany the bands which occur below 1600 A and they were clearly of a vibrationless electronic type. Some difficulty was experienced due to diffuse absorption from C-H and C-C bonds which with increase in pressure tended to spread up from below 1400 A to long wave-lengths. However, this did not seriously interfere with the determination of the convergence limit. As in butadiene N transitions were found to occur just below the first photoionization limit. The spectrum of fiy dimethyl butadiene. As might be expected the spectrum of this substance (figure 2, plate 11) is very similar to th at of butadiene and isoprene except th a t it is shifted still farther to long wave-lengths on account of its additional m ethyl groups. Again the spectrum starts with a progression of three strong diffuse bands (N ->P^) separated by the C = C frequency. Its value seems to be somewhat diminished in/?y dimethyl butadiene and chloroprene relative to th a t in butadiene and isoprene (see table 5). A t 1920 A these are followed by a pair of bands analogous to those which occur around 1900 A in isoprene and 1880 A in butadiene. Although a t first sight there is one continuous progression of bands between 1920 and 1700 A, it is clear by a comparison with the spectra of the other molecules th a t the N ->V2ta system starts a t 1810 A and is not connected w ith the bands a t 1920 and 1860 A. The separation (C-C vibration) is ~ 1650 cm. The ionization potential corresponding to the limit is 8*668 V, a drop of 0*14 V relative to isoprene which itself is lower by 0*21 V th an butadiene. This gradual diminution in the ionization potential we attrib u te to transfer of negative charge from the m ethyl group into the neighbourhood of the double bond (i.e., inductive effect). I t may be compared for example with the diminution of ionization potential of 0-2 V in going from m ethyl to ethyl iodide (Price 1936) . The fact th a t the addition of the second m ethyl group produces less lowering than the first is evidence of a tendency towards saturation.
The spectrum of chloroprene. The three molecules already dealt with indicate by the successive lowering of the ionization potentials, th a t the effect of alkyl groups on the mobile electrons of butadiene is purely an inductive one. The effect of halogen substituents (also OH, N H 2, etc.) in benzene is known to involve another effect known as the mesomeric or resonance effect. As a result of this effect additional resonance structures involving changes in the non-bonding electrons of the substituent atom or group become important. The previous paper shows how the effect reveals itself in the spectra of the chloro-ethylenes as an abnormal reduction in their ionization potentials; the bands are shifted to long wave-lengths where on a purely inductive effect alone the opposite might have been expected. This is indeed found to occur for chloroprene also. Its spectrum which is very similar to the spectrum of the previous three molecules is shifted to long wave-lengths relative to th a t of butadiene by about the same amount as isoprene. In the photograph lines have been drawn along spectra 1 and 5. The automatically drawn absorption curves lying above these lines are interesting. The first shows clearly the four humps of the C = C vibrational progression. The second shows the diffuse absorption in the region 1750 A which may be interpreted either as N-> V2 3 or alternativ Rydberg member of the diffuse absorption around 2000 A. Below 1600 A it was again found th a t the bands were of a vibrationless electronic type and could be fitted into many membered Rydberg series converging to a common photoionization limit. The following formulae were found to represent the strongest series: The limit corresponds to an ionization potential of 8*787 V probably accurate to 0*01 V. I t is only 0*02 V less than th at of isoprene and there is in fact a fascinating " one to one" correspondence amongst the bands, those of chloroprene being shifted by a few A.U. to long wave-lengths relative to those of isoprene. Such a correspondence could hardly occur if the inter pretation of the bands as isolated vibrationless electronic transitions were At about 1430 A there occurs a group of fairly strong bands which has no analogue in the spectra of the alkyl substituted butadienes. Comparison with the spectra of the alkyl chlorides (Price 1936) indicates th a t these bands arise from the excitation of a non-bonding pn electron from the chlorine atom. They are in fact analogous to the so-called " D " bands of methyl chloride. They are also observed in dichloro-ethylene, phenyl chloride, etc. Judging from the wave-length a t which the " Cl" absorption occurs, the ionization potential of the "pn " electrons in this molecule may be estimated as -1 0 -9 V .
I t might be expected superficially th at the ionization potential of the " 7T" electrons of the double bond in chloroprene would be greater than th a t in butadiene, since on account of the high electron affinity of chlorine, it would tend to draw away negative charge from the neighbourhood of the double bond and so increase the effective positive charge from which the electron is escaping. The fact th at the contrary is the case can be explained by the effect of resonance to the structure Such a structure while it explains reduction in ionization potential of the double bond by transfer of negative charge towards it and reduction in bonding of the n electrons also implies increase in the ionization potential of the " Cl" electrons. Evidence for this is th a t the " D " band occurs a t shorter wave-lengths (~ 1438 A) in chloroprene than in ethyl or propyl chloride (1465 and 1475 A respectively). Comparison with the position of the " D " bands in methyl chloride (1406 A) would not be a fair one because to avoid differences in charge transfer effects the carbon atom bound to the chlorine should have the same number of C-H and C-C bonds attached to it as the alkyl chloride with which it is being compared. I t might also be mentioned th at the D bands in dichloro-ethylene and phenyl chloride occur a t closely the same wave-length as in chloroprene and thus a corresponding increase in the ionization potential of the Cl electrons is also indicated for these molecules. Discussion. It may f b first sight appear rather curious th at the removal to high Rydberg orbits of a ne lectron which has considerable bon causes hardly any vibrational bands to appear. The spectrum at short wave lengths (< 1600 A) is composed almost entirely of vibrationless electronic transitions and resembles closely th a t of a non-bonding electron. The same phenomenon was found for benzene (Price and Wood 1935) where the analysis was confirmed by the use of heavy benzene (C6D6). The following seems to be a satisfactory explanation of this curious anomaly: As a result of the process of resonance all the " n" electrons are two double bonds and the removal of one such electron from butadiene for example can be regarded as the removal of only one half an electron from each double bond. Thus the internuclear distances and vibration frequencies will only be diminished by a half of what they would be in relatively isolated double bonds where the whole effect is localized in one and not spread out over many bonds as in conjugated systems. As a m atter of fact because of the splitting up of the four electrons into two groups, which will be discussed later, the removal of one n electron in butadiene only has ~ 0-36 the effect which might be expected for example in ethylene; In benzene it is a third. Thus each bond is altered only very slightly and the molecule can accom modate itself easily to the excitation without much vibration being invoked by the Franck-Condon Principle. Even when a "n " electron is removed to a fairly strong antibonding orbital, the fact th at it is shared among all the double bonds of the molecule reduces its effect on each individual bond. Thus in the 2500 A band of benzene, which undoubtedly corresponds to a fairly strong antibonding orbital (Sklar 1937) , the main frequency is only reduced from 991 to 920 cm.-1. Wherever there is evidence of the existence of vibrational structure in the absorption spectra of conjugated molecules it may be expected th at the upper state is to some extent antibonding in 15-2 character. This is what happens in the band system which is observed in the neighbourhood of 2100 A in butadiene (also in isoprene, etc.). I t was a t first thought th a t this transition was completely analogous to the first Rydberg series band of ethylene a t 1750 A because the two systems have closely equal term values (~ 27,000 cm.-1) and are the first strong absorption bands of both molecules and also are of comparable strength. However, the 2100 A band in butadiene does not fit on very well as a Rydberg series member of the bands a t shorter wave-length. I t is obviously different in character from them being represented by a vibrational progression rather than a single atom-like vibrationless transition. Further, if this band were quite analogous to the 1750 A band we should only expect half the reduction of the C =C frequency which occurs in th a t molecule, i.e. \ (1623 -1370) = 127 cm.-1. Actually the reduction is ~ 190 cm.-1 (1640 -1450), i.e. slightly more than might be expected, and this may be taken as evidence of the slightly antibonding character of this transition with respect to the first Rydberg band of ethylene. The degree of antibonding is not very large-a fact which is supported by the close equality of the term values of the two states (i.e. if the first Rydberg band in ethylene acquires antibonding power in b u ta diene, then this should be accompanied by a reduction in its term value). Mulliken (1939a) interprets the transition as one of the charge transfer type and attributes its great predominating intensity to this fact. The configura tion of the normal state N of butadiene can be written as as ^ar as n electrons are concerned. Two electrons occupy the orbital which gives bonding in all the bonds between the carbon atoms and two fill X2 which is only bonding in the C = C bonds. I t corresponds to the ( -1-62/?)2 ( -0-62/5)2 configuration of Hiickel (1937), /? being the resonance integral between "n " electrons on adjacent atoms. Lennard-Jones (1937) points out th a t Hiickel's simplifying assumption th a t all the CC distances are equal is not true in practice. He derives the energies for the orbitals for bond distances C-C = 1*44 A and C = C = 1-35 A. These are ± 50*7 kcal. and p^4) and + 24*4 kcal.
(X2 an<I Xs) with J3d = 35 kcal. Mulliken (1939a) using Lenn Jones's results with slightly modified bond distances gives ± 1*422/? and + 0*674/5 for the energies. There are four possible non-Rydberg transitions corresponding to the jump of an electron from either ^( -1*674/5) or X%( -1*422/5) to either of the antibonding orbitals ^3(0-674/5) or ^4(l*422/5). These transitions Mulliken calls N~>VX, V2, Vz, Vi7 the four excited states being X1X2X2, XiXzXi' X1X2X& XiXlXi-I t can be seen th at A -*FX is the longest wave-length transition, N-> V2 a to the same energy change, and finally A -> is the shortest wave-length transition of this type. Mulliken finds the total theoretical dipole strengths of these transitions to be very large but their relative strengths depend on the symmetry of the molecule. Thus N ->V2S are suppressed when the double bonds are in the ((trans" position. They are allowed in the "cis" position but N-> Vx is diminished in intensity and forbidden (M 1939a, table 5) . The frequencies of the transitions cannot be calculated by just taking the difference of the binding energies, since it is necessary to add to the energy of the excited orbitals a term to allow for changes in the electronic interaction energy resulting from the excitation. This term is apparently very large, being about 27,000 cm.-1 (~80 kcal.) in C2H4 and butadiene if Mulliken's interpretation of the spectra is correct [GoeppertMayer and Sklar (1938) by theoretical calculations find interaction energies of this magnitude for C6H 6]. The question we should like to be able to answer is whether the butadiene bands in the neighbourhood of 2100 A can be inter preted as Mulliken's N-> Vx transition or whet bands of a type (n'r13s. If the latter suggestion is correct, then there are certainly no other bands of the required intensity which could be inter preted as N If the former suggestion is correct, then one might ask w hat has become of the first Rydberg state. For a large molecule like buta diene the orbital of the first Rydberg state is expected to lie to a considerable extent within the dimensions of the molecule. The resulting interaction might transform it into an orbital of the Vx type. With larger molecules and especially those corresponding to conjugated systems it appears th at the earlier Rydberg states might be made to take upon themselves the character of V states, th at they may be simply replaced by these states or th at there may be a certain amount of mixing of the two B and V types. Evidence for this comes from the tendency of the first Rydberg orbital in the substituted ethylenes to acquire V characteristics with increase in the amount of alkyl substitution. These characteristics are briefly a tendency to acquire in tensity at the expense of higher Rydberg bands, a departure from the Ryd berg formula and a more complicated vibrational structure differing consider ably from the higher Rydberg states where these are still observable. Thus in ethylene the resemblance between the band at 1740 A and th a t a t 1390 A is very marked, while in propylene this resemblance is already lost. More striking evidence th a t these long wave-length bands really have some N -> Vi character comes from the spectra of the dienes. Here the theory predicts th a t the transitions should be relatively weaker for the cis (cyclic) dienes than for trans dienes, the probability of the transition depending upon the symmetry of the molecule. These expectations are borne out experimentally (Mulliken 1939a) .
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In justifying his theory Mulliken works out a value for /? (the resonance integral for the double bond; e in his notation) from the difference of the first strong N->VX bands in butadiene (2 x 0-674/? C) and A -> 1^ for C2H 4 (2 x /? + C); C is the electronic interaction constant. We conside he should have used the value for propylene in order to make both the electronic interactions the same and to allow for charge transfer effects by surrounding both double bonds by 3CH and one C-C bond*. I t happens th a t the value for ethylene used by Mulliken (i.e. 58,000 cm.-1 or 1724 A) just accidentally corresponds to vmax in propylene. From our plates (see previous article) it does not correspond to vmax in ethylene which is around 1630 A. Thus the derivation of /? from vmax (propylene) -ymax (butadiene) = 58,000 -48,300 = 2 -2 x 0-674/? giving =* 15,200 cm. or 1-87 V or 43 kcal. works out to the same value as Mulliken obtained. Another method of getting /? is to make th e very reasonable assumption th a t the difference between the ionization potentials of propylene and butadiene is equal to the difference in binding energy of the rr electrons in the two molecules. This gives 9*6 -9*02 V = /? -0-674/? or /? = 1*8 V in agreement with the previous value. A similar comparison can be made between isobutene and fiy dimethyl butadiene for which the ionization potentials are ~ 9-20 V and 8-67 V. This gives a value for /? of 1*6 V. One cannot get a value of /? from cyclohexene and benzene because the electrons in the comparable groups both have the binding energy /? and therefore may be expected to have the same ionization potentials. That this is so is indicated by the close identity of the bands of these mplecules a t wave-lengths less than 1850 A. In fact this identity may be used to show th a t the strong absorption in benzene A1790 is probably Ai/d,3->AiA!,3A!4,5 *n character.
All the ionization potentials given here for the dienes clearly belong to the ionic state X1X2' the least bonding orbital y2 corresponding to th minimum ionization potential. I t is not possible to observe the photo ionization of electrons in Xi because they are expected to have an ionization potential a few volts higher than y2 and their resonance bands fall in a region where there is very strong continuous absorption from electrons in single C-C and C-H bonds. The first strong absorption bands of the Xx electron can usually be observed superimposed upon the photoionization continuum of the X2 electrons. This also occurs in benzene (the ionization potential a t 9* 19 V being to yf y | 3, Price and Wood 1935). As it seems possible th a t these first strong bands correspond to N -> Vt ype transitio the first strong bands of the y2 electrons probably correspond a t least partly to N-> V y transitions, they will be treated in the following paragraph as though this were actually the case.
If the electronic interaction energy is the same for the transitions N->Vv V2, Vz, VA, then f^3 -Vy = (Mulliken 1939 a, I t appears that while the fi's calculated from V2 3 -separations are fairly reasonable those from V4 -Vy (also V4 -V2 S) are much too large. This is p due to variation in the electronic interaction energy and is to be expected from the fact that while in the V2 -Vy difference the same electron is involved, for the Vy -Vy difference the bands used correspond to the excitation of a different electron.
Before accepting the values of ft derived in the above table attention should be called to certain difficulties with respect to the interpretation of the bands as N-> Vtransitions. The V states which give rise to bands at shorter wave lengths are theoretically more strongly anti-bonding than those giving rise to longer wave-length band systems. This would lead us to expect lower vibra-tional frequencies for the shorter wave-length systems. Actually in practice the reverse is nearly always the case. For instance the C = C frequency in the N-^Vj^ states of the dienes is around 1450 cm.-1 and is less than th a t in the N-+ V2 3 states (~ 1500-1600 cm.-1) which according to iV ->7 inter pretation are more strongly antibonding. Also in benzene the 2000 A system has been interpreted by Sklar (1937) as more antibonding than the 2500 A system, yet the breathing frequency in the former is 960 cm.-1 (Carr and Stiicklen 1938) as compared with only 920 cm.-1 in the latter. Similar differences are shown by the 3000 and 2000 A systems of S 0 2 and CS2 (Price and Simpson 1938). The change in bonding due to the excitation of an electron is equal to the bonding of this electron in the ground state plus its antibonding power in the excited state. Evidence from vibra tional frequencies indicate th a t this second factor is smaller the shorter the wave-length of the band concerned, instead of being larger as the N -> V explanation would lead us to expect. I t might possibly be th a t the attenuation of the excited orbital is such th a t the antibonding is in fact less, but th at the electronic interaction increases to prevent the shift to long wave-lengths which would automatically follow. Thus the transition could retain the qualities of an -* transition though the quan titative contributions to the total energy involved would be considerably different. A theoretical explanation of this anomaly is certainly desirable. If the much weaker system in ethylene between 2000 A and 1750 A, which shows far greater frequency reduction (the C = C vibration being probably reduced to ~800 cm.-1: Scheibe and Grieneisen 1934), is really the pure transition in ethylene, then by analogy it is the weak " step o u t" between 2300 and 2170 A in butadiene which really corresponds to the pure N-> Vxtransition in this molecule. If this is correct, then Mulliken's intensity predictions for N-> Vt ransitions must be in error. The existence of N-> V2 > 3 absorption indicates according to (19396) , the presence of a certain amount of butadiene (he estimates 20 %). If there is a difference in the stability of the two forms arising for instance from the greater repulsion between the two double bonds in the as compared with the trans positions, then it might be expected th a t the cis form would have a lower ionization potential than the trans. Certainly the cyclic dienes seem to have considerably lower ionization potentials of the trans dienes judging from their absorption spectra In butadiene we were unable to find any evidence of a lower ionization potential corresponding to the cis form. Thus it seems th at butadiene is mainly trans and th at the -> 13 transition occurs in violation of Mulliken's selection rule or th at it has some other interpretation, e.g. as a Rydberg transition. I t appears from the spectra th a t some of the earlier Rydberg series members are weaker than they might be expected to be relative to the higher members by comparison with Rydberg series in atoms. There are several reasons for this. Firstly, the wave functions of the earlier Rydberg series members may be modified by the extensive structure of the molecule; secondly, the continuum may be stronger a t long than a t short wave-lengths particularly if the absorption falls in the neighbourhood of an emission line and finally the shorter wave-length bands may be enhanced by a weakening of the continuum due to a background of continuous absorption.
The samples of butadiene, isoprene and chloroprene were I.C.I. products made available to us by the kindness of Dr H. W. Melville of the Colloid Chemistry Department. The /?y dimethyl butadiene was prepared in a very pure state by the method suggested by Kyriakides (1914) . In conclusion we should like to thank the Department of Scientific and Industrial Research and the Imperial Chemical Industries for financial assistance. We are also indebted to Professor J. E. Lennard-Jones for several interesting and fruitful discussions.
Summary
The absorption spectra of butadiene, isoprene, fiy dimethyl butadiene and chloroprene have been investigated in the region 2500-1000 A. They are all very similar. The first strong bands appear as short diffuse progressions involving the C = C vibrational frequency but no vibrational structure is observed in the bands below 1600 A. The latter are interpreted as vibration less electronic transitions converging to the first photoionization limit y |y 2 of the " mobile" electrons. The extrapolation of successively excited states in Rydberg series gives the following very accurate values of the molecular ionization potentials: butadiene 9-02 V; isoprene 8*81 V; fiy dimethyl butadiene 8-67 Y; chloroprene 8*79 V.
The diminution in the ionization potential with alkyl substitution is interpreted as a simple inductive effect. The diminution in chloroprene involves the mesomeric as well as the inductive effect. The non-appearance of vibration bands accompanying the Rydberg transitions is a direct result of the resonance. As the electron is shared between two bonds, its removal has only one half the effect on each and this is apparently inadequate to cause the appearance of vibrational bands. Attempts are made to evaluate the resonance integral from various features of the spectra and from the ionization potentials. It is pointed out th at the main difficulty with Mulliken's N -> ■ V interpretation of the strong bands of the dienes (also that of
